Early visual processing functions as a set of spatiotemporal image filters. Our ability to sense changes in retinal images is determined by these filters along the temporal axis. In this study, we developed a paradigm to identify the kernel of the temporal filters based on ocular following responses (OFRs) to two-frame apparent motion stimuli. We first conducted two experiments to acquire fundamental data. In the first experiment, in which a quarter wavelength step of a sinusoidal grating was presented with various inter-stimulus intervals (ISIs), we found that OFRs were reversed by the ISI, which is consistent with previous findings. In the second experiment, a quarter wavelength step of a sinusoidal grating was applied with various durations of the initial image frame (motion onset delays; MODs); we found that longer exposure to the initial image reduced OFRs. Parameters of motion energy model involving temporal filters were optimized so that the model could reproduce the dependence of OFRs on ISIs and MODs. We were then able to successfully obtain quantitative estimates of the biphasic temporal filters with optimal frequencies in 6-8 Hz. This method is completely objective and will thus be applicable to a wide range of human subjects and model animals.
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Introduction
Early visual processing functions as a set of spatiotemporal image filters whose characteristics determine what/how we can see. Our ability to sense changes in retinal images is determined by filters in the temporal domain. Critical flicker (-fusion) frequency (CFF) is the highest temporal frequency of images that we can perceive changes in brightness. Thus, it is one of the measures used to describe the characteristics of the temporal filter. Contrast sensitivity (or threshold) to the flickering of images at different temporal frequencies reveals the frequency characteristics of temporal filters (Kelly, 1961a) . The impulse response function of the temporal filter has been quantitatively reconstructed based on a model consisting of linear photoreactive and pulse-encoding stages (Kelly, 1961b) . The temporal filter kernels have also been quantitatively estimated using double-step methods (Burr and Morrone, 1993; Hisakata and Murakami, 2008 Two frame animations presented with inter-stimulus intervals (ISIs) induce reversed motion percepts. Shioiri and Cavanagh (1990) have suggested that this phenomenon is due to the characteristics of the temporal filters embedded in the visual system. The energy-based motion detector of Adelson and Bergen (1985) involves temporal filters with biphasic impulse response functions. This model can at least qualitatively explain the existence of illusory motion percepts in ISI experiments (Strout et al., 1994; Takeuchi and De Valois, 1997) . Recently, the temporal filters have been quantitatively estimated from perceived motions using this motion energy model (Challinor and Mather, 2010) . Thus, illusory motion percepts also provide clues to the nature of temporal filters. However, all of these attempts were based on subjective reports of observers.
Sudden motions of wide-field textures elicit reflexive eye movement responses. Such responses are called ocular following responses (OFRs) (Gellman et al., 1990; Miles et al., 1986) . It was suggested that low-level energy-based mechanisms of visual motion detection underlie OFRs (Miura et al., 2006; Sheliga et al., 2005) . Two frame animations presented with ISIs induced OFRs in the reversed direction, as was observed with motion percepts (Nohara et al., 2015; Sheliga et al., 2006) . Researchers then argued that the reversed responses are consistent with the biphasic impulse response functions of temporal filters. Since the OFRs are
